We report the case of a patient with multiple myeloma who developed acute lifethreatening water intoxication following treatment with oral indomethacin and low dose intravenous cyclophosphamide. We describe a possible drug interaction between these two drugs and recommend that they should only be used together with caution.
Introduction
Cyclophosphamide is an alkylating agent used extensively in the treatment of malignant disease and connective tissue disorders. Its recorded side effects include bone marrow depression, alopecia, mucositis, sterility, haemorrhagic cystitis and when, used in high doses, myocardial degeneration and severe water intoxication. We report the case of a man with multiple myelomatosis who developed life-threatening water intoxication following therapy with low dose cyclophosphamide (< 10 mg/kg) and the nonsteroidal anti-inflammatory prostaglandin inhibitor, indomethacin.
Case report
A 68 year old male Sikh presented in October 1984 with lumbar and thoracic spine pain and anaemia. Subsequent investigations revealed a diagnosis of multiple myeloma of the IgG kappa type. Previous medical history included mastectomy of the left breast for adenocarcinoma several years before, and he was hypertensive, treated adequately with propanolol 80 mg once daily. Renal function and serum calcium were normal at diagnosis (urea 3.9 mmol/l, serum creatinine 81 1.mol/l, serum calcium 2.28 mmol/l), and he was commenced on monthly cycles of melphalan (Medical Research Council Vth myelomatosis trial) and received radiotherapy for his bone pain. Because of prolonged neutropenia his treatment was altered to weekly intravenous injections of 500 mg cyclophosphamide.
He tolerated the treatment well and this was discontinued in January 1986 following a good clinical and serological response. He 
Discussion
This case is unusual in that features of acute water intoxication and salt retention were both present in our patient.
Severe hyponatraemia has been previously reported in patients treated with high dose cyclophosphamide (30-40 mg/kg).'-4 This complication has also rarely been seen in patients treated with more moderate doses (20-30 mg/kg),5 but to our knowledge there are no previous reports of life-threatening water intoxication following low dose cyclophosphamide therapy (<10 mg/kg).
Cyclophosphamide itself is pharmacologically inactive and has a half-life of between 3 to 11 hours, whilst the maximal anti-diuretic effect occurs between 11 and 14 hours consistent with the appearance in the circulation of the alkylating metabolites.2 Water intoxication, therefore, probably occurs either as a direct toxic effect of the alkylating metabolites on the renal tubules, an anti-diuretic hormone-like activity ofthese metabolites, or by direct stimulation of anti-diuretic hormone release (ADH) from the hypothalamus.1'2'4 Post-mortem examination performed on one patient who had received high dose cyclophosphamide showed loss of Herring bodies and degranulation of various hypothalamic neurosecretory organelles. 4 However, other studies have shown that monitored serum ADH levels have not altered significantly during treatment with cyclophosphamide.5 In general, the nature of this complication has yet to be explained.
Indomethacin may also have contributed to the acute water intoxication by inhibition of the synthesis of prostaglandins PgE2 and PgI2 in the kidney, through blockade of the enzyme cyclo-oxygenase.6 Renal PgE2 and PgI2 have been shown to be important in maintaining water and electrolyte homeostasis along with renal blood flow.7'8 They have an inhibitory action on water and salt reabsorption in the kidney and have been shown to be important in the prostaglandin-mediated inhibition of anti-diuretic hormone on the distal tubule,9 thus providing a probable site of drug interaction between indomethacin and cyclophosphamide. The antiprostaglandin effect of indomethacin may also have contributed to the features of acute salt retention and severe hypertension that developed in our patient. Inhibition of PgE2 and PgI2 by indomethacin has been shown to enhance sodium chloride reabsorption in the thick ascending limb of Henle.Y' Similarly, intravenous infusions of indomethacin in patients who are hyponatraemic have been shown to produce peripheral vasoconstriction and increased systolic blood pressure, although this effect is not so dramatic in patients who are normonatraemic. " In health, renal and peripherally produced PgE2 and PgI2 act as local vasodilators counteracting the pressor effect of noradrenaline and angiotensin II.12 But in patients who are hyponatraemic, increased serum levels of angiotensin II and renin activity have been reported. In these patients treatment with indomethacin produces an exaggerated pressor effect." Indomethacin has also been shown to have a direct toxic effect on the kidney, inducing an interstitial nephritis characterized by papillary necrosis, chronic glomerulonephritis, nephrotic syndrome and acute renal failure,'3'5 although these features were not present in our patient.
In conclusion, we have described the case of a patient with adequate renal function who developed acute life-threatening water intoxication and salt retention on re-exposure to low dose cyclophosphamide in combination with indomethacin, neither of which alone would have been anticipated to cause these problems. Both drugs are administered regularly to out-patients for treatment of various disorders. We suggest that there may be a synergy of action between these two drugs and recommend that they should be used together only with extreme caution. 
